The influence of mixtures of soils and Solvay sediments on plant development was investigated under laboratory conditions to explore the possibility of the revegetation of abandoned post-industrial areas. The sodic alkaline wastes used as a substrate in the research come from settling tanks of the former KZS Solvay Works in Cracow. Such sediments are a mixture of different chemical compounds, characterized by high values of pH and salinity that can constitute strong limiting conditions for future reclamation processes of the area. White clover (Trifolium repens L.), was used in this research as a plant indicator representative of common and sensitive species to the toxic effects of soil high alkalinity and salinity. This work examined the effect of soda factory waste pollution, mixed with three types of soils in four variants of soil: waste ratio, on germination rate and root length development as response variables. The results, analyzed statistically, confirm an inhibiting effect of soda wastes on Trifolium repens L. germination with the significant inhibition of early phase of radicle growth and their elongation. Experiments were conducted on Petri dishes and were based on the Zucconi test. Ecotoxicological risk was evaluated by the percentage of relative seed germination (RSG), relative radicle growth (RRG) and calculated index of germination (GI).
Introduction
Very unfavorable chemical properties of the waste of soda production cause settling tanks to be specific and problematic sites to conduct environmental reclamation [1] [2] [3] . In the classification of post-industrial areas proposed by Krzaklewski [4] , based on the observation of land cover as a result of spontaneous succession, post-sodic settlers are described as objects which are very difficult for biological reclamation with no spontaneous overgrowth for at least 10 years. Such waste is characterized by extremely high pH values and a significant degree of salinity [3, 5, 6] .
The topsoil layer was applicated to the crown of the sedimentation tanks in the study area during an attempt at a reclamation process. Overburden material was characterized by differences in thickness and diversity in texture. Previous studies [3, 7] have shown that the used topsoil was affected by contact with waste inducing changes in its physical and chemical properties. The soil layer was often displaced and mixed with the covered waste by the presence of animals that spend most of their lives underground or under the topsoil overburden. It causes mixing waste with soil in varying proportions.
The waste degree of phytotoxicity depends on the cumulative impact of different parameters, this aspect being particularly complex in waste which are mixtures of different compounds (in this case: CaCO 3 , CaO SiO 2 , R 2 O 3 , MgO, CaSO 4 , Na 2 O, CaCl 2 , Na 2 CO 3 , NaCl and others) [8] which together may lead to complex interactions which are different from the additive effects of individual components [9] . It is difficult to unequivocally assess the impact of substrate limitation of plants growth only on the basis of chemical analysis. Biological test methods for estimating the risk of substrate phytotoxicity allow to describe more reliable conclusions [9, 10] . Zucconi based tests [11] are frequently used for evaluating seed germination and plant growth on a selected substrate by counting the percentage of relative seed germination (RSG), relative radicle growth (RRG) and calculated index of germination (GI).
Materials and Methodology
Ecotoxicity risk evaluation was performed using the Zucconi methodology [10] . White clover (Trifolium repens L.) seeds were placed on Petri dishes and germination was initiated by wetting the seeds with four soil : waste water extracts from the saturated paste (in weight ratio soil to waste 4 : 0, 3 : 1, 2 : 2 and 1 : 3) testing three soils texture types: loamy sand (LS), sandy loam (SL) and loam (L). Soil and waste particles were removed by centrifugation and later by filtration, obtaining the solution for wetting the seeds. Eight seeds were placed in each Petri dishes with germination paper and 1 ml of extract was dropped. Petri dishes were closed with parafilm tape to minimalize possible evaporation. The experiment was performed with 10 replicas of each treatment. The seed germination in soil water saturated paste extracts (soil : waste 4 : 0) were treated as control probes. All extracts were checked by pH and EC measurements (Tab. 1). Plant incubation was performed under darkness conditions at a temperature of 28°C. After 48 hours of incubation, the number of seeds germinated and the root length of the plants was measured. White clover (Trifolium repens L.) was used in this experiment as a plant which is sensitive to a saline and highly alkaline environment [12, 13] of the type which occurs in Solvay waste. White clover is also a common component of grass mixes for different reclamation purposes. This widespread grassland species is quick to germinate. In natural conditions, seed germination occurs in the soil within 24 hours at a temperature of around 18-20°C [14] . The wide range of temperatures and light conditions that stimulates germination [15] and the high germination rate of seeds reported for around minimum of 73% [13] allow the easy use of this species in germination research.
Fig. 1. Location of waste sampling point
Waste probes came from the Solvay waste ponds from the former KZS Solvay (Krakow Soda Works) factory in Krakow (complex of sediment ponds no. 2). It was taken as a composite sample from four sampling points ( Fig. 1 ). Waste was characterized by very high pH (12.0) and EC 3.0 mS/cm. The particle size distribution of the waste was measured by means of a particle size analyzer IPS-U (Kamika Instruments) because of their physical and chemical properties that do not allow their measurement by means of other laboratory methods. Waste "texture" was described by the USDA soil classification as a "Silt".
Soil 
Results
Data sets were divided into three groups according to the soil used in experiment (SL, L, LS) and four variants depending on soil : waste ratio (4 : 0, 3 : 1, 2 : 2 and 1 : 3). The following abbreviated terms were used in this paper to clarify precisely each data set among each soil type and soil : waste ratio: LS 4:0 , LS 3:1 , LS 2:2 , LS 1:3 SL 4:0 , SL 3:1 , SL 2:2 , SL 1:3 L 4:0 , L 3:1 , L 2:2 , L 1:3 , where letters mean soil texture and subscripts behind the letters represent the weight ratio between the quantity of soil and waste.
After the end of the germination, the number of seeds germinated in the control and in each treatment were annotated for each of the ten replicas. Radicle longitudes were also measured, and results were analyzed statistically and the indicators of the germination process computed.
Average values of radicle longitude decreased with the decrease in the ratio of soil : waste in all soil types. The highest difference was observed between LS 4:0 and LS 1:3 (from 15.7 to 6.13 mm) and for SL 4:0 and SL 1:3 (from 16.9 to 5.6 mm) (Tab. 2). For those in variant 1 : 3 25% of observation are seeds that did not germinate. The 75% of measured radical longitude in L (loam) reach values up to 26 mm (L 4:0 ), 21 mm (L 3:1 ), 19 mm (L 2:2 ) and 18.75 mm (L 1:3 ) and are higher than in LS and SL cases.
The existence of anomalous observations in data sets of radicle longitude was checked by means of the interpretation of box-plots. Outlier detection was made using box-and-whisker plots: the data observations which are below Q1 -1.5 IQR and the data observations that are over Q3 + 1.5 IQR, are considered outliers, (IQR is the interquartile range, Q1 is 25 percentile and Q3 is 75 percentile). Extreme values outside the outer fences (Q1 -3 IQR and Q3 + 3 IQR) were not detected in any data sets. To statistical analyses all outliers' values (when occurred) were replaced with the next lowest non-outlier value in each data set. The ANOVA Kruskal-Wallis test was used to compare radicle length within the soil : waste ratio variants as well as within each type of soil (Tab. 3). The test does not require assumptions that distributions of variables have to be close to the normal distribution. Other requirements for the Kruskal-Wallis, as the quantitative scale of dependent variables and independency of observations in the analyzed groups, were fulfilled. Test results (difference identification as statistical significance) provided the basis for detailed analysis. Table 3 in two data sets divisions: 1) "Soil texture division": The test probability in all examined cases was lower than the assumed level of significance α = 0.05 and shows statistically significant differences within soil texture groups. 2) "Soil : waste ratio division": The test probability was lower than the set level of significance α in the cases of variant (4 : 0) and (1 : 3), within those variants statistically significant differences were showed.
More detailed analysis (within detected differences) was made using the U-Mann-Whitney nonparametric test.
In the "soil texture division", statistical differences between each bordering ratio variants were analyzed in subsequential pairs and are shown in Table 4 . In soil : waste pairs LS 4:0 vs LS 3:1 , LS 2:2 vs LS 1:3 , L 4:0 vs L 3:1 , SL 4:0 vs SL 3:1 , SL 2:2 vs SL 1:3 U-Mann-Whitney test confirming statistically significant differences between variants (Tab. 4). In other cases, the differences were not significant.
The U-Mann-Whitney test was also used to check differences between soils type used for the experiment within the 1 : 3 ratio (Tab. 5). Data only shows significant differences between loam and other soils. In comparison of sandy loam and loamy sand, the differences were not statistically significant. Germinated seeds were also counted on Petri dishes and summarized. Table 6 and Figure 2 show changes in germination as well as the diversity of results. The percentage of relative seed germination (RSG), relative radicle growth (RRG) and index of germination (GI) were calculated according to formulas used widely by other researchers [11, 16, 17] The germination index (3) is calculated from both the radicle length percentage and germination percentage of the seeds in the probes compared to control probe.
A GI value of more than 80% usually means no phytotoxicity problems [15] . There is only one sample, the LS 3:1, which exceeds this level. The phytotoxcity state can be noticed in variants with a higher amount of waste (SL 1:3 LS 1:3 ). In the rest of the variants, slight phytotoxicity occurred. Differences in root length (in different soil : waste variants) in relation to control samples, expressed by the RRG index, (percentage of relative root length) decreases from 86% (average for options 3 : 1) to 67.5% (average for options 1 : 3). Relative seed germination was low for LS and SL variants 1 : 3. For loam soil, the RSG values were high and stabile, although RRG is a more sensitive indicator than RSG for toxicity [16] .
Conclusions
It was expected that with the increase waste weight in soil : waste ratio, there would be an increase in the pH and PEW values of the extract prepared for the experiment. Seed germination sensitivity to environmental pollution allows the evaluation of phytotoxicity in a short-time experiment.
The experiment led to the following conclusions: -The average root length decreases with a decrease in the ratio soil : waste.
-The percentage of seeds that have not germinated in all types of soils increase respectively from 10% (for variant 4 : 0) to 22%, 27% and 39% (in variant 3 : 1). -Statistical tests confirm that the presence of waste in combination with soil has a significant effect on medium phytotoxicity. It shows statistically significant differences within soil texture groups and in variants of soil : waste ratio 4 : 0 and 1 : 3. -Changes in root length (in different soil : waste variants) in relation to control samples expressed by the RRG index (percentage of relative root length) decreases from 86% (average for options 3 : 1) to 67.5% (average for options 1 : 3). The RRG index changes confirms the other analysis of the results, indicating statistically significant differences between the variants (from 3 : 1 to 1 : 3) in the measured root length for each of the tested soils. -The RSG value (percentage of relative seed germination) decreases from 86.5% (average for variants 3 : 1) to 67% (average for variants 1:3). -Increasing the amount of waste in subsequent options resulted in significant decreases in the germination rate of GI. -Only the GI of the LS 3:1 variant indicated the non-phytotoxic state, while others (LS 2:2 , L 3:1 , L 2:2, L 1:3 , SL 3:1 , SL 2:2 ) are a slightly phytotoxic or phytotoxic (SL 1:3 , LS 1:3 ) medium to grow in. -Statistical analyses have shown that the differences between loam, sandy loam and loamy sand are statistically significant. In the case of loam, changes in the concentration of waste do not have a significant impact on the phytotoxicity of the substrate for plant growth and seems to provide stable conditions for the germination and growth of root parts of the plants.
